Glioblastoma (GBM) is the most common malignant primary tumor in the central nervous system. Despite advances in neurosurgery, radiation therapy and chemotherapy, the median survival time of GBM patients is only 9 to 16 months. 1 Therefore, GBM is considered one of the deadliest human cancers. In the past two decades, many efforts have been made by scientists and clinicians to develop new drugs to improve current therapies.
Unfortunately, most efforts have not achieved long-term remissions in clinical trials, even though some of them are promising in animal models, making treatment options still limited. 2 During the past 10 years, great progress in cancer genomic studies have revealed genetic mutations that may serve as drivers in many types of cancers. Knowledge about those driver mutations greatly improves our understanding of cancer biology and leads to new diagnostic strategies and novel cancer therapies, such as targeting therapy. In melanoma, for example, compared to traditional chemotherapy, Vemurafenib, a BRAF kinase inhibitor, shows great advantages for patients possessing specific mutations in the BRAF gene. 3 Like melanoma, the key genetic lesions involved in gliomagenesis have been reported. However, there has been very limited progress in GBM therapy. Therefore, new insights and ideas are urgently needed to reveal the developmental biology of malignant GBM. Here, we rethink GBM from its cellular origin and try to elucidate the implications for GBM precision therapy.
CELLULAR ORIGIN OF GBM MULTIFORME It is believed that there are three cells of origin for GBM, neural stem cells (NSCs), NSC-derived astrocytes and oligodendrocyte precursor cells (OPCs). This generally accepted view is based on observations such as the following: (1) Cell surface marker expression and cell morphology in GBM tissues are similar to those of normal cell types in the central nervous system (CNS). (2) The similarity of gene profiles between GBM and those normal cell types. (3) Genetic modeling of GBM in mice showing that many cell types in the CNS such as NSCs, 4 NSC-derived astrocytes 5 and OPCs are able to develop into GBMs. 6 The cellular origin is a major determinant of the molecular subtype and may contribute to tumor development. 7 Consistent with this concept, it was found that tumors derived from different cellular origins exhibited different behaviors in GBM mouse models. This observation suggests that the cellular origin could significantly contribute to GBM development and indicates the importance of better understanding regarding the nature and consequences of cellular origin in GBM. 8 It is worth noting that cells acquiring initial mutations (cells of mutation) may not directly transform into the malignancy. This confusing concept makes identification of the cells of origin challenging. An alternative solution to tease apart the cellular origin and to identify the cells of mutation is to analyze individual cell lineages along the entire developmental process of tumorigenesis by using a genetically mosaic mouse model termed MADM (Mosaic Analysis with Double Markers). 9 recombination, MADM generates a small number of homozygous mutated cells labeled with green fluorescent protein (GFP), thus mimicking the sporadic loss of heterozygosity in tumor suppressor genes in human cancers. 10 Moreover, MADM also labels sibling wild-type cells with red fluorescent protein, allowing the direct phenotypic comparison between the mutant and wild-type sibling cells at a single-cell resolution in vivo, with the latter as an ideal internal control. Meanwhile, the permanent labeling of mutant cells with GFP allows lineage tracing of these cells. By using MADM-based lineage tracing in the mouse model, it was convincingly demonstrated that rather than being derived from other types of NSC progenies, p53/NF1 mutationinduced GBM was derived from OPC and was clustered as the proneural subtype. 6 However, the cellular origins of other GBM subtypes are still unclear and need further study.
HOW DOES THE CELL OF ORIGIN INFLUENCE DRUG DEVELOPMENT AND PRECISION THERAPY?
Cell culture-based assays are an important platform for drug discovery, providing a simple and fast tool for highthroughput screening. 11 Cultured cells and culture conditions are the most important elements of such a technique. In GBM research, established cell lines have been gradually replaced by primary cell cultures for two reasons. First, acute primary cells are more representative of in vivo cancer cell phenotypes. Second, acute primary cells can maintain the heterogeneity of the original tumor, while established cell lines are more homogeneous because of the selective culture conditions. GBM is one of the most aggressive and heterogeneous tumor types. 12 The major challenge is to find proper growth conditions that minimize alterations in the biological status of cancer cells in vitro. Numerous studies have showed promising results that culture conditions can be optimized based on the cellular origin. For example, it was reported that GBM cells originating from mouse OPCs could maintain similar gene expression profiles and similar capacity for tumorigenesis compared to freshly isolated tumor cells when cultured in a medium suitable for normal OPCs. However, the same cells cultured in a medium suitable for NSCs would lose their OPC features and became much more sensitive to temozolomide. A similar phenomenon was also observed in primary cultured human GBM cells of the proneural subtype, which is like those of OPC origin. 13 Sreedharan et al. 14 showed that NSC-originating tumor cells exhibited higher tumor incidence and malignancy when cultured under stem cell conditions compared to OPC conditions. Jiang et al. 15 divided patient-derived GBM cells into functionally distinct groups based Figure 1 Schematic of platform based on cellular origin. Dissociated tumor cells were divided into two populations. One half was injected into immunodeficient mice, and the other was cultured in several conditions. When doing drug screening, the candidate that shows great potential in either condition should be validated in a patient-derived xenografting (PDX) model in vivo. After validation in PDX, the remaining candidates should move to clinical trials in glioma patients. Using global profiling of gene expression, GBM was divided into proneural, neural, classical and mesenchymal subtypes, which might not be representative of entire individual tumors, but only of a subgroup of cells within individual tumors. Classification based on cellular origin is more informative and relevant for clinical applications. In precision therapy of GBM, a platform based on the cellular origin theory will provide a powerful new engine to drive therapeutic drug screening (Figure 1 ). In addition to GBM, this approach could also be applicable to other tumors. In addition to basic research, drug discovery studies could greatly benefit from this strategy, thus improving the process of developing more efficient drugs for cancer patients.
